The capacity of human peripheral blood monocytes, neutrophils, and monocyte-derived macrophages to bind the yeast Cryptococcus neoformans was increased when the phagocytes were cultured on surfaces containing recombinant human mannose-binding protein. In contrast, soluble mannose-binding protein had no effect on cryptococcal binding by phagocytes.
The yeast Cryptococcus neoformans has emerged as a major opportunistic pathogen in immunocompromised patients (12) . Mononuclear phagocytes are presumed to play a critical role in host defenses against cryptococcosis (5) . Recent work in our laboratory and others has demonstrated that the nature of the interaction between phagocytes and C. neoformans may be profoundly influenced by the culture surface upon which this interaction occurs (2, 8, 13) . Compared with monocytes adherent to surfaces coated with human serum albumin (HSA), monocytes adherent to surfaces coated with the complement subcomponent Clq exhibit enhanced binding and killing of C. neoformans opsonized with either complement or immunoglobulin (2).
Human mannose-binding protein (MBP) is a calciumdependent lectin-like molecule that binds to the cell walls of microorganisms containing exposed mannose groups (15, 17) . Bound MBP has been shown to function as an opsonin and activate complement (3, 4, 14) . An immunodeficiency syndrome in infants has been associated with low levels of MBP in serum (15) . The primary structure of MBP is similar to Clq, and the human leukocyte Clq receptor recognizes both Clq and MBP (10) propyl)carbodiimide, as described previously (16) . Encapsulated, serotype D strain B3501 was maintained on asparagine agar plates and harvested as previously described (7, 9). C. neoformans was heat-killed and labeled with fluorescein isothiocyanate as in previous studies (6, 9) . Yeasts (107/ml) were preopsonized by incubation for 30 min at 37°C in either 100% PHS or anticapsular antibody.
Heparinized blood, obtained by venectomy from healthy volunteers, was separated by dextran sedimentation followed by centrifugation over a cushion of Ficoll-Hypaque. To obtain neutrophils, the high-density layer was collected and rid of contaminating erythrocytes by hypotonic lysis. To obtain monocytes, the low-density layer was harvested. To obtain monocyte-derived macrophages, this layer was further purified with Sepracell-MN (Sepratech Corporation, Oklahoma City, Okla.) (18) , the monocyte-rich fraction was suspended at 106/ml in RPMI 1640 (GIBCO, Grand Island, N.Y.) containing 10% human AB male serum and incubated for 6 days in Teflon-coated beakers (Savillex Corp., Minnetonka, Minn.), as described previously (19) . Phagocytes (2.5 x 105) were then added to cell wells that had been coated with either MBP or HSA, and the wells were incubated for 2 h in a 37°C, 5% CO2 atmosphere, following which nonadherent cells were washed away. Purity averaged greater than 90%, as judged by morphology and nonspecific esterase staining.
Wells containing phagocytes adherent to protein-coated plates were challenged with C. neoformans preopsonized with PHS (6 x 105 per well) or anticapsular antibody (1 x 105 per well) in a final volume of 60 ,ul of RPMI 1640. Phagocytes and yeasts were incubated at 37°C for 30 min following which unbound organisms were washed away and the monolayer fixed with 1% formaldehyde buffered in phosphatebuffered saline. By using an inverted microscope, 100 to 200 phagocytes were selected under bright field and then examined under epifluorescence to determine the number of yeasts associated per phagocyte. The binding index represents the number of cell-associated yeasts per 100 phagocytes (9) . To minimize bias, wells were coated with proteins according to a random code and scored by a microscopist unaware of the code.
As the concentration of solid-phase MBP was increased, there was a progressive increase in the monocyte binding index (Fig. 1) macrophages, to bind C. neoformans was affected by the presence of solid-phase MBP (Fig. 2) . Compared with surfaces coated with 10 ,ug of HSA per ml, phagocytes adherent to surfaces coated with 10 ,ug of MBP per ml bound significantly more C. neoformans. As with the monocytes, this effect was seen with organisms opsonized with either PHS or anticapsular antibody.
Interaction of soluble MBP with mannose-rich Salmonella montevideo has been shown to result in opsonization and killing by phagocytes (14) . However, addition of up to 50 ,g of recombinant or native soluble MBP per ml to the reaction mixtures had no effect on binding of opsonized C. neoformans by human neutrophils or monocytes (data not shown).
Indirect immunofluorescence was used to determine whether MBP binds to C. neoformnans. Fungi were sequentially incubated with 5 ,ug of MBP per ml, polyclonal rabbit antibody directed against human MBP, and fluorescein isothiocyanate-labelled goat anti-rabbit antibody and then examined by epifluorescent microscopy (4). C. neoformans treated in this manner was only weakly immunofluorescent, except for focal regions of strong fluorescence in areas of the cell wall where buds had apparently broken off. In contrast, zymosan particles and Candida albicans blastoconidia exhibited diffuse and strong fluorescence. If either MBP or antibody directed against MBP was omitted, fluorescence greater than baseline autofluorescence was not observed. Consistent with these findings, other investigators have found that unlike C. albicans and zymosan, C neofornans does not react with concanavalin A, a lectin which binds terminal mannose groups (11) . Thus, while glucuronoxylomannan, the predominant capsular polysaccharide of C. neofonnans, has a backbone of mannosyl residues (1), mannose groups do not appear to be in the exposed position necessary for binding to MBP and concanavalin A. The data presented herein demonstrate that the ability of monocytes, neutrophils, and monocyte-derived macrophages to bind C. neoformans is upregulated by solid-phase but not liquid-phase MBP. The full biological significance of these results awaits determination of whether solid-phase MBP exists under physiologic conditions. It is tempting to speculate that MBP, which is an acute-phase reactant, forms a component of biological surfaces during inflammatory conditions and thus is available to interact with phagocytic receptors for MBP. In any event, these data emphasize the importance of culture surface to phagocyte function. 
